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DESCRIPTION 

HYDROGEN-FLAME PHOTOMETRIC ANALYZER FOR THIN- LAYER 
CHROMATOGRAPH AND HYDROGEN- FLAME PHOTOMETRIC ANALYZING 

METHOD 

TECHNICAL FIELD 

The present invention relates to a hydrogen- flame 
photometric analyzer for a thin-layer chromatograph and a 
method for analyzing a hydrogen- flame photometry for a thin- 
layer chromatograph. According to the present invention, in 
an analyzing technique for a thin- layer chromatograph using 
a bar-like thin-layer chromatography element as a separating 
means for a sample to be analyzed, and a hydrogen flame as a 
means of detecting the separated analytes, the intensities 
of light emitted from the hydrogen flame are analyzed at 
particular wavelengths by a photometric analyzer, whereby a 
compound containing a hetero element, such as a particular 
element (particularly, phosphorus or sulfur) can be 
selectively detected. 

The term "analyze" as used herein includes a 
measurement for quantitatively or semi-quantitatively 
determining an amount of an analyte and a detection for 
judging a presence or absence of an analyte. 

BACKGROUND ART 

Hitherto, a thin- layer chromatograph has been widely 
used wherein a sample to be analyzed is spotted on a thin- 
layer chromatography element prepared by forming a thin 
layer of fine particles of, for example, alumina, silica gel, 
or diatomaceous earth, on a surface of a quartz stick having 
a diameter of about 1 mm; a suitable mobile phase such as 
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one of various organic solvents, water, acid, alkali, or a 
mixture thereof, is moved and developed by a capillary 
action to separate analytes <or analyte components) ; 
removing the mobile phase remaining on the thin- layer 
chromatography element by, for example, heating; and then 
analyzing analytes (or analyte components) by a hydrogen- 
flame ionization detector. 

The hydrogen- flame ionization detector, also called a 
carbon detector, is extremely sensitive to general organic 
i«* compounds and widely used. The sensitivity to general 

o 

p organic compounds is an advantage, but at the same time, a 

1^ total lack of specificity is a disadvantage. For example, 

m an actual sample to be analyzed is composed of various 

M 

y compounds and components. When the hydrogen- flame 

^ ionization detector having a sensitivity to general organic 

compounds is used, an accurate analysis cannot be carried 
out unless an object compound or component is completely 
m separated from the sample. For example, when only a 

compound or a component containing a hetero element such as 
phosphorus or sulfur in a sample is to be analyzed, the 
compound or the component must be completely separated from 
other compounds or components. In some cases, the object 
compounds or components cannot be separated, if the sample 
contains amounts of many compounds or components other than 
the object compounds or components. Thus, the object 
compounds or components are buried among other compounds or 
components, and cannot be analyzed. Further, the hydrogen- 
flame ionization detector has a disadvantage in that, when 
the object compound or component to be analyzed contains a 
hetero element such as phosphorus, sulfur, or halogen, but 
does not contain many carbon atoms, the sensitivity is 
extremely lowered, and sometimes the object compound or 



component cannot be detected at all. Therefore, a detector 
capable of responding not only to carbon atoms but also, 
specifically, to hetero elements is greatly desired. 

Hitherto, in the field of gas chromatography, various 
specific detectors have been developed and are widely used. 
Nevertheless, in the field of thin-layer chromatography, a 
detector which can specifically detect a hetero element and 
which can be put to practical use is not known, except for 
only one commercially available detector as mentioned below. 
This is because, in a gas chromatograph, a series of 
procedures from an introduction of analytes into a detector 
to a detection thereof is carried out in a continuous gas- 
flow circuit, a sealed detector portion has a very simple 
structure, and thus various attempts may be easily made, 
whereas, in a thin- layer chromatograph, analytes separated 
and located in a one-dimensional space on a thin-layer 
chromatography element must be scanned and detected by a 
detector, a detector has a very complicated structure, and 
thus various attempts cannot be easily made. 

Further, even if the same basic principles as those of 
a detector for a gas chromatograph are used, and various 
findings obtained in the detector for a gas chromatograph 
are applied to a thin-layer chromatograph without 
modification, success is not insured. For example, as 
apparent from a hydrogen- flame ionization detector disclosed 
in Japanese Examined Patent Publication (Kokoku) No. 5-4631 
and Japanese Examined Patent Publication (Kokoku) No. 5- 
11905, where a detector for a gas chromatograph is applied 
without modification, the characteristics of the detectors 
are profoundly different from each other because the 
constitutional elements are different. Therefore, an 
ingenious originality is required to obtain a practical 
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performance. Under those circumstances, in the field of 
thin-layer chromatography, a detector which can specifically 
detect a hetero element and may be put to practical use is 
not known, except only for one commercially available 
detector as mentioned below. 

The only known commercially available detector is a 
thermal ionization detector, having a simple structure, for 
a thin- layer chromatograph. Nevertheless, this detector 
requires an unstable alkali source as an essential 
I--* constitutional element. Namely, from an alkali source such 

o 

p as an alkali metal salt, the alkali metal is vaporized and 

y| consumed with time, and thus a response signal is lowered 

with time. Further, the reducing rate is very fast, and the 
y detection results are not stable, and therefore, accurate 

results cannot be obtained from the thermal ionization 
5f detector. 

'■^ As above, in the field of thin-layer chromatography, a 

C3 

pj detector which can specifically detect a hetero element such 

as phosphorus or sulfur and stably work in practical use was 
not known. Accordingly, an object of the present invention 
is to provide a hydrogen- flame photometric analyzer for a 
thin-layer chromatograph and a method for analyzing a 
hydrogen- flame photometry for a thin-layer chromatograph 
wherein the disadvantages in prior art are remedied, a 
hetero element such as phosphorus or sulfur can be 
specifically detected, and stable and accurate analyzing 
results can be obtained. 



DISCLOSURE OF INVENTION 

According to the present invention, the above object 
can be achieved by a hydrogen -flame photometric analyzer for 
a thin-layer chromatograph, comprising 



(1) a hydrogen burner capable of forming a hydrogen flame; 
{2) a moving means capable of moving a thin-layer 
chromatography element and/or the hydrogen burner at a 
predetermined speed so that analytes separated on a 
chromatography carrier of the thin- layer chromatography 
element may be sequentially burned by the hydrogen flame 
formed by the hydrogen burner; 

(3) a spectroscopic means capable of resolving a light 
emitted from the hydrogen flame; and 
H (4) a light-analyzing means capable of analyzing an 

o 

Q intensity of a light resolved by the spectroscopxc means. 

The present invention also relates to a method for 
W analyzing a hydrogen- flame photometry for a thin-layer 

tJ: chromatograph, comprising the steps of: 

m sequentially burning analytes separated on a chromatography 

pi carrier of a thin- layer chromatography element by a hydrogen 

25 flame formed by a hydrogen burner, by moving the thin-layer 

PJ chromatography element and/or the hydrogen burner at a 

predetermined speed; and 

analyzing an intensity of a light emitted from the hydrogen 
flame, at a particular wavelength. 



Brief Description of Drawings 

Figure 1 schematically illustrates an analyzing 
principle of the hydrogen- flame photometric analyzer for a 
thin-layer chromatograph according to the present invention. 

Figure 2 schematically illustrates another embodiment 
of the hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to the present invention. 

Figure 3 is a thin- layer chromatogram showing the 
results obtained by analyzing a commercially available 
soybean lecithin preparation for a food additive by the 
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hydrogen- flame photometric analyzer for thin-layer 
chromatograph according to the present invention. 

Figure 4 is a thin- layer chromatogram showing the 
results obtained by analyzing a mixture of amino acids by 
the hydrogen- flame photometric analyzer for thin-layer 
chromatograph according to the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Typical embodiments of the present invention will be 
ft* described in detail hereinafter, with reference to the 

Q drawings . 

2 Figure 1 schematically illustrates an analyzing 

111 principle of the hydrogen- flame photometric analyzer for a 

y thin- layer chromatograph according to the present invention. 

L The hydrogen- flame photometric analyzer 1 for a thin- 

R| layer chromatograph according to the present invention 

'^4' contains a hydrogen burner 11, a moving-means 17 for a thin- 

|j layer chromatography element 10, an optical filter 12, and a 

light analyzer 13 . 

A hydrogen gas and air are introduced into the 
hydrogen burner 11 while the flow rates thereof are 
accurately controlled, and a hydrogen flame 11a can be 
formed. The thin-layer chromatography element 10 is fixed 
at one edge 10a, or both edges thereof, by a suitable holder 
17a of the moving-means 17 for the thin- layer chromatography 
element, namely, the thin-layer chromatography element- 
moving-means 17, and conveyed in a direction of the hydrogen 
flame 11a (a direction of an arrow A) at a predetermined 
velocity, preferably a constant velocity, whereby analytes 
separated on a chromatography carrier of the thin- layer 
chromatography element 10 can be sequentially burned by the 
hydrogen flame 11a. The moving-means for the thin-layer 

i 



chromatography element may be a scanning table capable of 
moving while carrying the thin- layer chromatography element 
10, 

The optical filter 12 is a spectroscopic means which 
can transmit only a light having a particular wavelength in 
the light emitted from the hydrogen flame 11a. Further, the 
light analyzer 13 can analyze an intensity of a light. 

In the hydrogen- flame photometric analyzer 1 for a 
thin-layer chromatograph according to the present invention, 
a light-guiding path 15 may be located between the hydrogen 
flame 11a formed by the hydrogen burner 11 and the optical 
filter 12 . The light-guiding path 15 can take up light of 
the hydrogen flame generated by burning various analytes or 
components separated on the bar-like thin-layer 
chromatography element 10, and guide the light via the 
optical filter 12 to the light analyzer 13. If necessary, a 
recorder 14 and/or an indicating device (not shown) can be 
connected to the light analyzer 13 . 

If desired, a mechanical shutter 16 may be provided in 
the hydrogen -flame photometric analyzer 1 for a thin-layer 
chromatograph, to protect a light-receiving surface of the 
light analyzer 13. When the light analyzer 13 is open upon 
an exchange of the thin- layer chromatography element 10, or 
the like, and a natural light is incident thereon from 
outside, the mechanical shutter 16 can be closed to protect 
the light-receiving surface of the light analyzer 13 . It is 
not necessary to provide the mechanical shutter 16 in an 
apparatus on which natural light is not frequently incident 
from outside. 

The hydrogen burner 11 may be fixed on a suitable 
moving-means 18, and the hydrogen burner 11 alone may be 
moved along the fixed thin-layer chromatography element 10, 



or both the hydrogen burner 11 and the thin- layer 
chromatography element 10 may be moved, respectively. When 
the hydrogen burner 11 is moved, it is preferable to move 
the hydrogen burner 11, and at the same time, the optical 
filter 12, the light analyzer 13, and optionally, the light- 
guiding path 15, the mechanical shutter 16, and the recorder 
14, by fixing them on the moving-means 18 or another moving 
means capable of synchronous movement. 

The method for analyzing a hydrogen-flame photometry 
for a thin- layer chromatograph according to the present 
invention can be carried out in accordance with the 

O.- 

ff^ following procedures, for example, using the hydrogen- flame 

HI photometric analyzer 1 as shown in Fig. 1 for a thin- layer 

y chromatograph . 

^ The bar-like thin-layer chromatography element 10, on 

o 

ly which various compounds or components contained in a sample 

PJ- 

vj. have been separated, is fixed on the moving-means 17 for the 

thin-layer chromatography element or the scanning table. 
Then, the hydrogen burner 11 is lighted to form the hydrogen 
flame 11a. While maintaining the flame 11a, the moving- 
means 17 for the thin-layer chromatography element is 
conveyed in a direction of the arrow A at a predetermined 
velocity, preferably a constant velocity, to pass the bar- 
like thin- layer chromatography element 10 through the 
hydrogen flame 11a. When the bar-like thin-layer 
chromatography element 10 is passed through the hydrogen 
flame 11a, various analytes or components separated thereon 
are sequentially burned, and intensities of light emitted 
from the hydrogen flame 11a are changed at individual 
wavelength-components thereof, dependent on a kind or an 
amount of the analytes or components to be analyzed. Then, 
the lights emitted from the hydrogen flame 11a are guided 
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through the light-guiding path 15 to the optical filter 12, 
where a light having a desired wavelength is passed through 
and guided to the light analyzer 13 . An intensity of the 
light can be analyzed and the result can be recorded in the 
recorder 14 or indicated by a suitable indicating device. 

When a bar-like thin-layer chromatography element 10 
is burned by the hydrogen flame 11a, plural intensities of 
light at particular wavelengths can be analyzed at the same 
time, by providing plural optical filters 12 having 
different transmission wavelengths, and guiding each light 

P 

O transmitted from the optical filters 12 to a light analyzer 

01 

13 equipped to each optical filter. Instead of plural 
^'J optical filters 12, a prism may be provided to resolve the 

W light into those having different wavelengths. 

Q A shape of the thin-layer chromatography element which 

PJ. 

?y may be used in the hydrogen- flame photometric analyzer for a 

^ thin- layer chromatograph, or the method for analyzing a 

w 

pj hydrogen- flame photometry for a thin-layer chromatograph 

according to the present invention, is not particularly 
limited so long as it is a bar-like shape, but for example, 
it may be a square pillar having a sectional shape of a 
regular square or a rectangle, or a cylinder having a 
sectional shape of a circle or an ellipse. 

The size of the thin- layer chromatography element is 
not particularly limited but, for example, the element has a 
bar-like shape having a length of 3 to 30 cm and a width (or 
a diameter) of 0.5 to 5 mm. If the length is more than 30 
cm, a movement and development of a mobile phase by a 
capillary action may become difficult and affect practical 
use. Further, if the width or the diameter is more than 5 
mm, a heat capacity of the thin-layer chromatography element 
becomes too large, and some isolated components may remain 



unburned . 

The thin-layer chromatography element is generally 
composed of a support and a chromatography carrier, that is, 
a thin-layer. An example of the support which may be used 
is a heat-resistant ceramic, such as silica glass, alumina, 
or zirconia. A material for the thin-layer material which 
may be used is, for example, silica gel, alumina, 
diatomaceous earth, or hydroxyapatite . 

The thin-layer chromatography element-moving-means 
which may be used in the hydrogen- flame photometric analyzer 
for a thin-layer chromatograph according to the present 
invention is not particularly limited, so long as it can 
convey the bar- like thin- layer chromatography element in an 
axial direction at a predetermined velocity, preferably a 
constant velocity. For example, it can be a table such as a 
scanning table capable of mounting the thin-layer 
chromatography element on the surface thereof and conveying 
the thin-layer chromatography element in an axial direction 
thereof, or a chuck capable of fixing the thin-layer 
chromatography element at an edge or both edges thereof, and 
conveying the thin- layer chromatography element in an axial 
direction thereof. A driving means of the moving-means for 
the thin- layer chromatography element may be, for example, a 
DC motor, an AC motor, a linear motor, or a pulse motor. 
The driving means may also be used as a driving means for 
the hydrogen burner. 

The spectroscopic means which may be used in the 
hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to the present invention can be 
appropriately selected dependent on wavelengths of emitted 
light of the object hetero elements. For example, an 
optical filter, such as a low-pass filter, a high-pass 



filter, or a band-pass filter, a prism or a diffraction 
grating may be used. It is preferable to use the optical 
filter such as the band-pass filter, as it is easy to handle 
and the cost is low. 

For example, when phosphorus is burned, a strong light 
is emitted around 526 nm. Therefore, a band-pass filter of 
521 to 531 nm can be used. Further, sulfur shows strong 
light in a wide range of wavelengths around 394 nm, and thus, 
a band-pass filter of 386 to 402 nm can be used. 

The light-analyzing means which may be used in the 
hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to the present invention is, for 
example, a photomultiplier , a CCD (charge coupled device) , 
or a high-sensitivity photodiode. A photomultiplier having 
a bialkali light -receiving surface is particularly preferred, 
because it has a high sensitivity and a low dark current. 

In the embodiment as shown in Fig. 1, the light- 
guiding path 15 is used to guide the light emitted from the 
hydrogen flame 11a to the optical filter 12. However, it is 
not necessary to provide the light -guide in the hydrogen- 
flame photometric analyzer for a thin-layer chromatograph 
according to the present invention, as the light from the 
hydrogen flame can be directly resolved by the spectroscopic 
means. However, it is preferable to provide the light- 
guiding path 15 as shown in Fig. 1, for the following 
reasons . 

For example, in the hydrogen- flame photometric 
analyzer for a thin- layer chromatograph according to the 
present invention as used in the Example and shown in Fig. 2, 
i.e., a dual analyzer equipped with a hydrogen- flame 
ionization detector, constitutional elements such as 
electrodes are closely crowded around the hydrogen flame. 



Thus, it is difficult to place the spectroscopic means and 
the light-analyzing means around the hydrogen flame. That 
is, if the spectroscopic means and the light-analyzing means 
are located around the hydrogen flame, maintenance and 
checking becomes inconvenient. Conversely, a foldable and 
bendable light-guide may be used to guide the light from the 
hydrogen flame to the spectroscopic means, whereby the 
maintenance and checking becomes convenient, without 
forcefully placing the spectroscopic means and the light- 
analyzing means around the hydrogen flame where elements are 
already closely crowded. 

Further, in an analyzer for a gas chromatograph 
disclosed in W. P. Cochrane, R. GreenHalgh, Chromatographia, 
Vol.9, No. 6, June, 1976, page 260, a photomultiplier and a 
filter are separated from a heat source by transmitting the 
light from a flame in a burning room via an optical fiber to 
a photomultiplier, and thus an influence of heat is avoided. 
A similar effect can be expected in the present invention. 

EXAMPLES 

The present invention now will be further illustrated 
by, but is by no means limited to, the following Examples. 
Example 1: Thin-layer chromatography of soybean lecithin 
preparation for a food additive 

In this Example, an embodiment of the hydrogen- flame 
photometric analyzer for a thin- layer chromatograph 
according to the present invention as shown in Fig. 2 was 
used. 

Fig. 2 schematically illustrates an embodiment of the 
hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to the present invention. The 
hydrogen- flame photometric analyzer 1 for a thin- layer 
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chromatograph as shown in Fig. 2 is a dual analyzer also 
equipped with a hydrogen- flame ionization detector. 

The hydrogen- flame photometric analyzer 1 for a thin- 
layer chromatograph as shown in Fig. 2 contains a hydrogen 
burner 11; a scanning table (not shown) as a moving -means 
for the thin-layer chromatography element; a light analyzer 

13 capable of analyzing an intensity of a light; a recorder 

14 capable of recording analyzed results (photocurrent 
values) obtained by the light analyzer 13; a light-guiding 
path 15 capable of taking light of the hydrogen flame formed 

p 

O. by burning various analytes separated on the bar- like thin- 

61- 

^ layer chromatography element 10, and transmitting the light 

J^T to the light analyzer 13; an optical filter 12 as the 

feJ spectroscopic means; and a mechanical shutter 16 for 

P protecting a light-receiving surface of the light analyzer 

ly. 

To carry out a hydrogen- flame ionization analysis, the 
PJ hydrogen- flame photometric analyzer 1 as shown in Fig. 2 

further contains an electrode 21 to which a negative high 
voltage is applied by a high-voltage source 23; a recorder 
24 capable of recording an ion current flowing between the 
electrode 21 and the hydrogen burner 11 as a signal of the 
hydrogen- flame ionization detector; and a third electrode 22. 
The third electrode 22 is earthed, whereby adventitious 
noise can be prevented and a distribution of an electric 
potential of the hydrogen flame can be controlled. 

Lecithin has a phosphoric diester per molecule, and 
phosphorus shows a strong emission around 526 nm. A band- 
pass filter of 526 nm was used as an optical filter of the 
spectroscopic means to analyze the emission of the 
phosphorus. Further, a melted-quartz optical fiber having a 
diameter of 3 mm and a length of 30 cm was used as the 
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light-guiding path 15. As the photometric analyzing means 13, 
a photomultiplier H5783 {Hamamatsu Photonics) was used. As 
the bar-like thin-layer chromatography element 10, Chromarod 
S-IIl (length = 15 cm, diameter = 1.1 mm: latron) having a 
silica gel thin-layer was used. As a sample, a commercially 
available soybean lecithin preparation for a food additive 
was used. 

The sample to be analyzed was dissolved in a 
chlorof orm/methanol mixture (chloroform : methanol = 2:1) to 
l-s a concentration of 2 0mg/mL, and 1 yL of the resulting 

p solution was spotted on the bar-like thin-layer 

m chromatography element 10. The bar-like thin-layer 

yi chromatography element 10 was developed with a mobile phase 

y (chloroform ; methanol : water = 40:20:2), and individual 

^_ components were separated from the sample. Then, the bar- 

iJ 

Pj like thin-layer chromatography element 10 was charged for 3 

PJ- 

\1 minutes in a dryer heated at 110 to remove the mobile 

P'l phase remaining on the bar- like thin- layer chromatography 

element 10 . The bar-like thin-layer chromatography element 
10 was fixed on the moving means of the hydrogen- flame 
photometric analyzer 1 for a thin-layer chromatograph, and 
simultaneous measurements were carried out by the hydrogen- 
flame ionization detector and the hydrogen- flame photometric 
analyzer 1, under the conditions that a flow rate of 
hydrogen in the burner 11 was 160 mL/min, a flow rate of air 
was 500 mL/min, and a moving velocity of the moving means of 
the bar-like thin-layer chromatography element 10 was 120 
mm/30 sec. 

The resulting thin- layer chromatogram is shown in Fig. 
3. In Fig. 3, a thin curve a is a chromatogram of the 
hydrogen- flame ionization detector, and a thick curve b is a 
chromatogram of the hydrogen- flame photometric analyzer. In 



Fig. 3, both chromatograitis are superimposed by adjusting 
them so as to practically equalize an analytes -amount 
expressed by a height (ordinate) of an ion current value 
with an analytes-amount expressed by a height (ordinate) of 
a photocurrent value. The peak 1 is a neutral fat, and the 
peak 2 is lecithin. The peak 1 does not contain phosphorus, 
and a high peak emerges in the hydrogen- flame ionization 
detector, whereas very little peak is detected in the 
hydrogen- flaine photometric analyzer. The peak 2 is lecithin 
and contains phosphorus, the peaks emerge in both the 
hydrogen- flame ionization detector and the hydrogen- flame 
photometric analyzer. Further, the hydrogen- flame 
photometric analyzer revealed the presence of peaks which 
did not emerge in the hydrogen- flame ionization detector, 
between the peak 1 and peak 2 , and after the peak 2 . In 
particular, the very high peak after the peak 2 appears to 
be a lecithin decomposition having few carbon atoms or an 
inorganic phosphorus compound, and the content thereof is 
considered large. However, the conventional hydrogen- flame 
ionization detector was not able to detect it. 
Example 2: Thin-layer chromatography of a mixture of amino 
acids 

In this Example, the hydrogen- flame photometric 
analyzer 1 for a thin- layer chromatograph according to the 
present invention as shown in Fig. 2 was used. Some amino 
acids contain sulfur, and sulfur shows a strong emission 
around 394 nm. A band-pass filter of 394 nm was used as an 
optical filter of the spectroscopic means to analyze the 
emission of the sulfur. Other conditions used were the same 
as those in Example 1 . 

As the analytes, a mixture of amino acids prepared by 
the inventors, i.e., a mixture of tryptophan, methionine. 
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glutamic acid, and homocysteine, was used and dissolved in a 
diluted aqueous ammonia to a concentration of 20 mg/mL, and 
1 viL of the mixture was spotted on the bar-like thin-layer 
chromatography element 10. The bar-like thin-layer 
chromatography element 10 was developed with a mobile phase 
(acetonitrile : water : 25% ammonia = 55:15:0,86). Then, 
the bar-like thin-layer chromatography element 10 was 
charged for 3 minutes in a dryer heated at 110 °C to remove 
the mobile phase remaining on the bar-like thin-layer 
chromatography element 10. The bar-like thin-layer 
P chromatography element 10 was fixed on the moving means of 

o 

0 the hydrogen- flame photometric analyzer 1 for a thin- layer 

1^ chroma tograph. Simultaneous measurements were carried out 

r| by the hydrogen- flame ionization detector and the hydrogen- 

s flame photometric analyzer 1, under the conditions that a 

o 

pj. flow rate of hydrogen in the burner 11 was 160 mL/mm, a 

m- 

flow rate of air was 500 mL/min, and a moving velocity of 
the moving means of the bar-like thin-layer chromatography 
element 10 was 120 mm/30 sec. 

The resulting thin-layer chromatogram is shown in Fig. 
4. In Fig. 4, a thin curve a is a chromatogram of the 
hydrogen- flame ionization detector, and a thick curve b is a 
chromatogram of the hydrogen- flame photometric analyzer. In 
Fig. 4, both chromatograms are superimposed by adjusting 
them so as to practically equalize an ana lytes -amount 
expressed by a height (ordinate) of an ion current value 
with an analytes -amount expressed by a height (ordinate) of 
a photocurrent value. The peak 1 is tryptophan, the peak 2 
is methionine, the peak 3 is glutamic acid, and the peak 4 
is homocysteine. 

Of the four amino acids, the sulfur-containing amino 
acids are methionine of the peak 2 , and homocysteine of the 
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peak 4. The hydrogen- flame photometric analyzer was able to 
selectively detect the sulfur-containing amino acids. 



INDUSTRIAL APPLICABILITY 

According to the present invention, hetero elements 
contained in individual compounds or components in a sample 
can be specifically analyzed, by burning individual 
compounds or components separated on a bar-like thin-layer 
chromatography element, and measuring the intensities of 
light from the hetero elements. Further, components unable 
P to be analyzed by a hydrogen- flame ionization detector can 

be analyzed. Furthermore, a constitutional element consumed 
yi with time as in a thermal ionization analyzer is not 

|,i required, and thus stable and accurate results can be 

obtained . 

It:? 

V| As above, the present invention is explained with 

reference to particular embodiments, but modifications and 
improvements obvious to those skilled in the art are 
included in the scope of the present invention. 



CLAIMS 



1. A hydrogen- flame photometric analyzer for a thin-layer 
chromatograph, comprising 

(1) a hydrogen burner capable of forming a hydrogen flame; 

(2) a moving means capable of moving a thin-layer 
chromatography element and/ or the hydrogen burner at a 
predetermined speed so that analytes separated on a 
chromatography carrier of the thin-layer chromatography 
element may be sequentially burned by the hydrogen flame 
formed by the hydrogen burner; 

(3) a spectroscopic means capable of resolving a light 
emitted from the hydrogen flame; and 

(4) a light -analyzing means capable of analyzing an 
intensity of a light resolved by the spectroscopic means. 

2. The hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to claim 1 further comprising a 
light-guide between the hydrogen flame formed by, the 
hydrogen burner and the spectroscopic means . 

3. The hydrogen- flame photometric analyzer for a thin-layer 
chromatograph according to claim 1 or 2 further comprising a 
mechanical shutter between the spectroscopic means and the 
light-analyzing means. 

4. The hydrogen-flame photometric analyzer for a thin-layer 
chromatograph according to any one of claims 1 to 3 , wherein 
plural spectroscopic means having different transmission 
wavelengths are furnished, and the light -analyzing means 
capable of analyzing an intensity of a resolved light is 
provided for each of the spectroscopic means. 

5. The hydrogen-flame photometric analyzer for a thin-layer 
chromatograph according to any one of claims 1 to 3 , further 
comprising a prism, and plural light -analyzing means capable 
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of analyzing intensities of light resolved by the prism. 

6. A dual analyzer comprising the hydrogen- flame photometric 
analyzer for a thin- layer chromatograph according to any one 
of claims 1 to 5 and a hydrogen- flame ionization detector. 

7. A method for analyzing a hydrogen- flame photometry for a 
thin-layer chromatograph, comprising steps of: 
sequentially burning analytes separated on a chromatography 
carrier of a thin-layer chromatography element by a hydrogen 
flame formed by a hydrogen burner, by moving the thin- layer 
chromatography element and/or the hydrogen burner at a 

P predetermined speed; and 

Q 

0% analyzing an intensity of a light emitted from the hydrogen 

^ flame, at a particular wavelength. 

Hi. 

\= 8. The method for analyzing a hydrogen- flame photometry for 

w 

g a thm-layer chromatograph according to claim 7, wherein 

^s^l analytes containing hetero-elements-containing compounds are 

?y selectively detected. 

c5 
m. 
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ABSTRACT 



A hydrogen- flame photometric analyzer for a thin-layer 

chromatograph, comprising 

(1) a hydrogen burner capable of forming a hydrogen flame; 

(2) a moving means capable of moving a thin-layer 
chromatography element and/ or the hydrogen burner at a 
predetermined speed so that analytes separated on a 
chromatography carrier of the thin- layer chromatography 
element may be sequentially burned by the hydrogen flame 
formed by the hydrogen burner; 



Q 

il"s. (3) a spectroscopic means capable of resolving a light 

H (4) a light-analyzing means capable of analyzing an 



emitted from the hydrogen flame; and 



intensity of a light resolved by the spectroscopic means is 
disclosed. 

A method for analyzing a hydrogen -flame photometry for 
a thin-layer chromatograph, comprising the steps of: 
sequentially burning analytes separated on a chromatography 
carrier of a thin- layer chromatography element by a hydrogen 
flame formed by a hydrogen burner, by moving the thin- layer 
chromatography element and/ or the hydrogen burner at a 
predetermined speed; and 

analyzing an intensity of a light emitted from the hydrogen 
flame, at a particular wavelength, is also disclosed. 

According to the hydrogen- flame photometric analyzer 
and the method for analyzing a hydrogen- flame photometry, 
hetero-elements can be stably, accurately, and specifically 
analyzed. 
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^ Declaration and Power of Attorney for Patent Application 

Japanese Language Declaration 



As a below named inventor, 1 hereby declare that 

My residence, mailing address and citizenship are as stated next 
to my name. 



Q 

m 

m. 

SI — ■ 

Pi 

PI' 

B 

□ ±fs%0^fi?i4HtijM^fe5vMs pcT mmmmm 
mmm^ ) t L 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

Hydrogen-flame photometric analyzer for 

thin-layer chromatograph and hydrogen- 

flame photometric analyzing method 



the specification of which is attached hereto unless the following 
box is checked: 

S was filed on Julv 2. 2001 

as United States Application Number or 
PCT International Application Number 

PCT/JP01/05699 (Conf.No. ) 

and was amended on 
_(if applicable). 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



1 acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations. § 1 .56. 
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Japanese Language Declaration 



mt^mmmm 35 n 119 ^(aHci)s>s''Ms 365 *(b)icx 
-it^f^h^^mmm^umorm^minm. ^tat ass 

PCT ^HtHSl^ov^T©^H«^felt^cr{i±?gt-^tt 
tic, Tta«g(-x^^#(t5^i}cj;t5ffi^li?ri»t- 

mmmh^^^ii pct ^i-HajM*^ l^-To 



I hereby claim foreign priority under Title 35, United States Code, 
§ 119(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT International 
application which designated at least one country oth^ than the 
United States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the ^plication on whidi priority is claimed. 



Prior foreign appflcation(s) 



o 

0 

m 

m . 



Q 

m 

^■ 
a 



Japan 



(Number) 

mm 



(Country) 



(Number) 



(Country) 



(Application No.) 
(Application No.) 

Sf4*is«feAii 35 m 120 m^m-5trm^m^fftiim. 
*>sv^tt 365 *(c){c«<5t>itH^ffls-rsTiE PCT mm 

m(D^mn<D[Hmmm^mm 35 m 112 ^inm^cDmic 

a^$ix-5*-^irJ;<9Mf*HS>5VM± PCT a^#fF£ti 

mx-m7^^fix\^^^£vm<9\zid\^xmnmmm^m 37 m 
1 0k 56 mic&m^H^^fmimmx\ ^nmwFtiim<D 
^iM0*^?>*#fFail©aF*^fc■5v^fi PCT (ommB^x 



June 30, 2000 



Priority Claimed 

Yes No 

^<0 MX. 
M □ 



(Day/Month/Year Filed) 



□ □ 



(Day/MonthA'ear Filed) 



I hCTcby claim the benefit undo- Title 35, United States Code, 
§ 119(e) of aity United States provisional application{s) listed 
below. 



(Filing Date) 
(Filing Date) 

mmm 

I hereby claim the benefit under Title 35, United States Code, § 120 
of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the 
duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, § 1.56 which 
became available between Ae filing date of the prior application 
and the national or PCT International filing date of this application. 



(Application No.) 



(Filing Date) 

immm 



(Status: patented, pending, abandoned) 



(Application No.) 



(Filing Date) 

(fiillB) 



18 U 1001 *(c^-3#p^fe5vsi^«]m*7ttt 



(Status: patented, pending, abandoned) 

I hereby declare that all statements rrwde herein of my own 
knowledge are toie and that alt statements made on 
Infonnation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Japanese Language Declaration 
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(DhtKBm^tl^ SUGHRUE MION ^^^^fjf^-f^ 
m±i-i SUGHRUE MION ife#*^pjf(^^® S 

am USPTO m^n-^<^i^t\^mm^fhti&.mm^mn 



POWER OF ATTORNEY: I hereby appoint all attorneys of 
SUGHRUE MION, PLLC who are listed under the USPTO 
Customer Number shown below as my attorneys to prosecute this 
application and to ttansact all business in the Patent and 
Trademark Office connected therewith, recognizing that the 
spedfic attorneys listed under that Customer Number may be 
changed from time to time at the sole discretion of SUGHRUE 
MION, PLLC, and request that all correspondaice about the 
application be addressed to the address filed under the same 
USPTO Customs- Number. 



Q 

O SUGHRUE MION, PLLC 
m\ (202)293-7060 



*23373* 
23373 

PATENT TRADEMARK OFFICE 

Direct Telephone Calls to: (name and telephone number) 

SUGHRUE MION, PLLC 
(202) 293-7060 



, iFull name of sole or first inventor 



t Inventor's signature 



Minoru OGASAWARA 



February 25, 2002 



Residence 

mm 



Tokyo , Japan ^ f^x 



Citizenship 

II ^ 



Japanese 



Mailing Address 



c/o lATORON LABORATORIES, INC., 11-4, Higashi-kanda 1-chome, 
Chlyoda-ku, Tokyo 101-0031, Japan 



Full name of second joint inventor, if any 

©*i^?g«#« imm-nm^) JSyoko TSURUTA 



Second inventor's signature 



February 25, 2002 



Residence 



Tokyo . Japan 



Citizenship 

mm 



Japanese 



c/o lATORON LABORATORIES, INC., 11-4, Higashi-kanda 1-chome, 
Chiyoda-ku, Tokyo 101-0031, Japan 
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